Abstract. An extension of EMPIRE II code (v.2.18) to include the photonuclear channel is made. The calculations of photoabsorption cross-sections were performed with the use of different radiative strength function models. Experimental data are compared with theoretical calculations. The MLO and GFL models can be recommended as the best ones for overall description of the photoabsorption cross-sections in the gamma-ray ranges till ≤ 20 MeV.
INTRODUCTION
Information about cross-sections of photonuclear reactions is very important for investigation of the wide variety of fundamental and applied physics problems. They are astrophysical nucleosynthesis; nuclear waste transmutation; physics and technology of fission reactors (influence of photoreactions on neutron balance) and fusion reactors (plasma diagnostics and shielding); calculations of absorbed dose in the human body during radiotherapy.
Recently the rather reliable library of evaluated photonuclear data for many nuclei was created [1] . But it is impossible to form full data file only on the basis of experimental cross-sections. For example, experimental data are obtained in various ways and many of the experiments do not use monoenergetic photons. This causes large systematic discrepancies of results. Also the experimental data are absent for some important cases and it is necessary to use estimations based on the theoretical models of nuclear reactions.
There are various calculation codes for data analysis of the photonuclear reactions using presentday nuclear reaction models -(GNASH (MCGNASH), ALICE-F, MCPHOTO, GUNF (GLUNF), XGFISS), but as a rule many restrictions exist to have access to these codes [1] . Nuclear Data Centre of International Atomic Energy Agency provides open access to the modular system of codes for nuclear reaction calculations EMPIRE II [2] . It consists of well-known codes (SCAT2, ECIS-95, ORION+TRISTAN, BARMOM and others) and new original parts with implementation of various model approaches. The important advantage of this code is the automatic preparation of input data using modern versions of nuclear data libraries (EXFOR, RIPL1(2) and others). High-quality graphics for output data is also one of the essential advantages of this code. At the same time photoabsorption channel is not included in the last verified version (v.2.18) of the EMPIRE II code and it does not allow use of the code for analysis of photonuclear reactions.
In this contribution the implantation of the photonuclear channel in modular system of codes EMPIRE II (v.2.18) is described and an accuracy of using different expressions of radiative strength functions (RSF) in photoabsorption cross-section calculations is tested. The cross-section of compound nucleus formation is calculated as [1, 3, 4] 
. Nuclear spins and multipolarity of gamma ray transitions obey the selection rule:
Different RSF models are included in a modified version of the EMPIRE II code. First of all the expression of dipole RSF for photoabsorption and gamma-decay by Lorentzian line shape is adopted [1, [3] [4] [5] [6] [7] [8] (model SLO): This approach is probably the most appropriate simple method for describing the photoabsorption data in medium-weight and heavy nuclei near GDR maximum of gamma ray energies [1, [3] [4] [5] [6] [7] [8] . In the case of the gamma-emission, the SLO model strongly underestimates the gamma-ray spectra at low energies 1 ≤ E γ MeV. A global description of the gammaspectra by the Lorentzian can be obtained in the range
MeV only when the giant dipole resonance are inconsistent with that ones for photoabsorption data. On the whole, the SLO approach overestimates the integral experimental data like the capture crosssections and the average radiative widths in heavy nuclei [9] [10] [11] .
The first model with correct description of the 1 E strengths at the energies E γ near zero was proposed in [12] . Thereafter an enhanced generalized Lorentzian model (EGLO) was developed and analyzed in [5, 9, 10] for a unified description of the low-energy and integral data. The EGLO radiative strength function consists of two components (for spherical nuclei): the Lorentzian with the energy and temperature dependent empirical width and additional term [12] , corresponding to zero value of γ -ray energy. The EGLO method reproduces the experimental data on gamma-decay rather well in the mass region 50 200 = ÷ A .
The expression of photoabsorption dipole RSF for cold nucleus within EGLO model has the following form 
where the energy-dependent width ( ) Γ k E γ is taken proportionally to the collisional damping width in Fermi-liquid scaled by an empirical [5, 9] 
The EGLO and SLO expressions for the gammadecay strength function of heated nuclei are in fact the parameterizations of the experimental data. They are in contradiction with some aspect of the recent theoretical studies, specifically: 1) the shapes of the radiative strengths within these approaches are not consistent with the general relation between the RSF for gamma-decay of heated nuclei and the imaginary part of the nuclear response function on electromagnetic field [13, 14] ; 2) the damping width of the EGLO model is proportional to collisional component of zero sound damping width in the infinite Fermiliquid when the collisional (two-body) relaxation is taken into account only. However the important contribution to the total width in nuclei is also given by the fragmentation (one-body) width arising from nucleon motion in self-consistent mean field [15] . This width is almost independent of the nuclear temperature and is not included in EGLO model. Note that the SLO-model width is independent of energy; it has properties of the fragmentation width and does not take into account collisional damping with retardation [16] .
The simple models (MLO, GFL) for the E1 radiative strength functions of gamma-decay and photoabsorption were proposed in [4, [17] [18] [19] [20] , which avoid some of these defects at least partially. In the case of photoabsorption RSF in the model of modified Lorentzian [4, [17] [18] [19] (MLO) has a Lorentzian shape [1] with energy dependent width [4, 17] 
One-body and collisional (two-body) relaxation is taken into account in expression [4, 19] for width ( )
The RSF within the GFL model, 1 
≡
ur ur E GFL f f , has the following form (spherical nuclei) [4, 20] :
Equation (5) is an extension from [4] of original expression [9] of the GFL model to the range of the gamma-ray energies near GDR-maximum: term
is added to the denominator of this equation to avoid singularity of the GFL approach near GDR-energy in a way similar to the other models for E1 strength; the presence of the additional factor GFL K in the numerator keeps the standard relationship between the value of the RSF at the GDR energy and the peak value r σ of the photoabsorption crosssection. The width Γ m in (5) is taken as a sum of a collisional damping width and a term, which simulates the fragmentation width [4, 20] . The photoabsorption cross-sections for nuclei with 50 250 A ≤ ≤ were calculated for different RSF models with different GDR parameter sets in order to investigate the dependence of the photoabsorption cross-sections of medium-weight and heavy nuclei on these quantities. The approximation of axially deformed nucleus for the description of photoabsorption in deformed nuclei was used. RSF consists of two parts: one corresponds to relative vibrations of nucleons along the symmetry axes; the other corresponds to relative vibrations of nucleons transversely to symmetry axes of the nucleus. Zr: CNDCcalculation according to [22] (see also [1] Zr. Experimental data are from [21] . The curves denoted EGLO (EMPIRE) are calculated with the use of the GDR parameter systematics from EMPIRE II (v. The MLO and GFL model calculations are in rather good agreement with experimental data in the gammaenergy range close to neutron separation energy in comparison with that ones for the SLO and EGLO models. In particular, calculations within the framework of the EGLO model underestimate experimental values of photoabsorption cross-sections and the SLO model overestimate such data in this energy range. It also can be concluded that the description of experimental data with the use of the GDR parameter systematics of the RIPL1(2) is, as a rule, better than the one obtained with GDR parameter systematics of the EMPIRE II (v.2.18) code. Figure 2 shows that the photoabsorption cross-section of 96 Zr, which is adopted in the CDNC library, is in rather close agreement with that within EGLO and MLO1 with GDR parameter systematics from the RIPL2 [4] . The calculations within the GFL and MLO models provide rather good overall description of the photoabsorption cross-sections in the gamma-ray energy ranges till 20 ≤ MeV and these models can be recommended for theoretical estimation of the photoabsorption cross-sections in nuclei of middle and heavy weights in the absence of the experimental data.
ACKNOWLEDGMENTS
This work is supported in part by IAEA (Vienna) under Research Contract #12492/RO/RBF. V.A.P. would like to thank Drs. Mike Herman and Roberto Capote-Noy for discussions and useful comments during various stages of modification of the EMPIRE II.
